The combination of isatins, active methylene reagents and 4-phenylurazole/ phthalhydrazide in the presence of ionic liquid ([BMIm]Cl) as a solvent catalyst was found to be a suitable and efficient method for the synthesis of the biologically important spirooxindoles. The features of this procedure were characterized by one-pot procedure, reasonable reaction times, fairly high yields, and simple isolation procedures. The ionic liquid can be easily separated and reused for several times.
Introduction
Modern synthesis design demands high efficiency in terms of minimization of synthetic steps together with maximization of complexity [1] . To meet these goals, chemists have been attempting specially to develop multi-component reactions (MCRs) [2] . The MCRs strategy offers significant advantages over conventional liner-type synthesis due to its flexible, convergent, and atom efficient nature [2] [3] [4] . In this view, designing MCRs without using toxic catalysts in solvent-free conditions as well as in recyclable solvents such as ionic liquids is particularly worthwhile for complementing the significant characters of MCRs, so as to satisfy the green chemistry's principles [5] .
Recently, using ionic liquids (ILs) is increasing with a very fast rate because of their beneficial properties such as undetectable vapor pressure, non-inflammability, wide liquid range, reusability and high thermal stability [6] [7] [8] [9] .
Moerover, heterocycles, an important class of organic compounds, constitute more than 70% of promising bioactive and drug molecules presently available in literature [10] . Among these widespread heterocyclic compounds, nitrogen heterocycles occupy a distinct position because of their wide natural abundance and their applications as biologically active pharmaceuticals, agrochemicals, and functional materials are becoming more and more important [11] [12] [13] . Among them, the indole ring system is probably the most well-known heterocycle, a common and important feature of various natural products and medicinal agents [14] . It constitutes the core of spiro-oxindoles, a recurring subclass of indole alkaloids in nature which exhibits highly pronounced biological activities, thus deserving to occupy a unique place among pharmacological agents [15] .
Similarly, heterocycles containing the pyrazole, phthalazine and urazole moieties played a crucial role in the history of heterocyclic chemistry and have been used as important pharmacores and synthons in the field of organic chemistry and drug designing [16] . In particular, they are used as antibacterial, antifungal, antiviral, antiphrastic and insecticidal agents [17] [18] [19] [20] [21] [22] [23] . Upon these salient aspects, incorporation of the two pharmacophoric, pyrazole and oxindole, motiffing into a single molecule via efficient and environmentally benign synthetic methods would be beneficial [24] .
Encouraged by these observation and in continuation of our earlier studies on the synthesis of spirooxindole heterocyclic compounds and the use of ionic liquid as catalyst in organic synthesis, [30] [31] [32] [33] we report, herein, the synthesis of novel spiro[pyrazole-triazole] and known derivatives of spiro[pyrazole-phthalazine] under catalysis of the ionic liquid.
Experimental

Matreials and methodes
All chemicals were purchased from Merck or Fluka Chemical Companies. All known compounds were identified by comparison of their melting points and spectral data with those reported in the literature. Progress of the reactions was monitored by thin layer chromatography (TLC) using silica gel SIL G/UV 254 plates. IR spectra were recorded using a Shimadzu IR-470 spectrometer with KBr plates. 1 H NMR and 13 C NMR spectra were recorded on a Bruker Avance-400 MHz spectrometer. (Table 1) . At this stage, the products due to poor solubility in the ionic liquid appeared as a precipitate. In order to extract the ionic liquid, after completion of the reaction, the residue was washed with (2×10 mL) water.
Washing the solid residue with ethanol (10 mL, 95.5%) has given remarkably pure powders of product 4a-k. The ionic liquid was recovered from the aqueous extracts by evaporating water under reduced pressure and reused in the next cycles (Scheme 4).
The selected spectral data 11.10 (1H, s, NH). 13 
Results and discussion
With this background in mind and in line with our interest in the synthesis of spiro compounds The results are shown in Table 1 , a short range of pH conditions associated with the selected ionic liquids to investigate the effect of acidity or basicity of these media on the reaction performance. As can be seen (Table 1) Table 2 ). The harsh reaction conditions, longer reaction times and irresability of other methods make our system a better choice [25] [26] [27] [28] [29] .
After detecting [BMIm]Cl as the more efficient catalyst solvent, we examined the method with a range of substrates to determine the reaction specificity and scope. Consequently, various substituted isatins (1a-e) were used to react with malononitrile (2a) or ethyl cyano-acetate (2b) and 4-phenylurazole (3a) phthalhydrazide (3b) was treated with the selected ionic liquid under the optimized conditions (Table 1) . These results are compiled in Table 2 . As shown in Table 3 , in all cases, the reaction gives the products good yields and prevents problems associated with solvent usage such as cost, handling, safety and pollution.
A plausible mechanism for the formation of the selected product 4a-k in the presence of The structures of the new compounds 4a-d were confirmed by IR, 1 H, 13 C NMR and CHN as well as mass spectral data. For example, the IR spectrum of 4a showed distinct absorptions at 3435, 3324, and 1733, 1672 cm -1 corresponding to vibrations of its NH and CO groups. A relatively wide range of chemical shifts, δ 6.85-7.60 ppm, was observed for the aromatic protons of this product, and the presence of two broad singlets at 10.96 and 7.51 ppm with a 1:2 ratios was detected, attributed to NH and NH2, respectively. The 13 C NMR spectrum of 4a showed 19 distinct resonances in agreement with the proposed structure. The characteristic signal due to the spiro carbon displayed at δ 59.3.
In the next phase of the study, the viability of catalysis in the recycled ionic liquid in model reaction was evaluated. After completion of the reaction, the ionic liquid was washed using water, evaporated under reduced pressure and then subjected to the next run with the same substrates and the same reaction time. 
Conclusion
In summary, an efficient method for synthesis of spiro-annulated pyrazole-oxindole ring system by using simple and readily available starting materials under catalysis of the ionic liquid,
[BMIm]Cl, was introduced here. The ionic liquid plays the role of catalyst solvent and can be recovered to be reused several times. Another advantage of the present method is that; it requirs no metal catalysts or additional solvent proceeding with appropriate rate with respect to the methods that gave similar skeletone. This method not only affords the products in excellent yield but also avoids the problems associated with catalyst cost and pollution. We expect this method to find extensive applications in the field of combinatorial chemistry, diversity-oriented synthesis, and drug discovery. 
